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(54) Method and apparatus for image developing capable of effectively forming an even 
development agent layer 



(57) A development apparatus (1 ) includes a devel- 
opment roller (2). a supplying roller(3). and a toner layer 
regulating member (4). The development roller (2) con- 
tacts an image carrying member (9) and develops an 
electrostatic latent image into a toner image on the im- 
age carrying member. The development roller (2) is 
made of aluminum and is rotatably mounted in the ap- 



paratus. The supplying roller supplies toner to the de- 
velopment roller. The toner layer regulating member (4) 
regulates the toner to form a thin film on the develop- 
ment roller. The toner layer regulating member has a 
roller shape, a surface roughness R z in a range of from 
0.5|im to 2u,m, and a dynamic friction coefficient in a 
range of from 0.1 to 0.8. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Application 

[0001] The present application relates to a method 
and apparatus for image developing, and more particu- 
larly to a method and apparatus for image developing 
which is capable of effectively forming an even devel- 
opment agent layer on a development agent carrying 
member. 

2. Description of the Background 

[0002] Generally, development apparatuses that de- 
velop an electrostatic latent image formed on an image 
carrying member can be classified into two types. One 
type develops an electrostatic latent image formed on 
an image carrying member with a development roller 
which is brought into contact with the image carrying 
member. This type is called a contact development ap- 
paratus and its development method is referred to as a 
contact development method. The other type develops 
an electrostatic latent image formed on an image carry- 
ing member with a development roller brought into prox- 
imity to the image carrying member. This type is called 
a non-contact development apparatus and its develop- 
ment method is referred to as a non -contact develop- 
ment method. It is extremely important for both types of 
the development apparatuses to stably maintain the rel- 
ative conditions of the development roller and the image 
carrying member so as to reproduce a superior quality 
image. 

[0003] The contact development apparatus, for ex- 
ample : includes a development roller, a toner supplying 
roller, and a development blade, as important elements. 
The development roller develops an electrostatic latent 
image formed on the image carrying member. The toner 
supplying roller supplies toner to the development roller. 
The development blade regulates the toner carrion on 
the development roller into a thin layer having a prede- 
termined thickness. The development roller is held in 
contact with the image carrying member under a prede- 
termined pressure applied by an elastic member such 
as a coil spring. 

[0004] The development agent used for the develop- 
ment of an electrostatic latent image on the image car- 
rying member can also be classified into two types. One 
type is referred to as a two component development 
agent that includes toner and carriers. The other type is 
referred to as a single component development agent 
that includes toner. The development method using the 
two component development agent can reproduce a su- 
perior quality image in a relatively stable manner but has 
disadvantages relating to the carriers. For example, the 
carriers are prone to be degraded overtime and a mix- 
ture ratio of the toner and the carriers is varied. In addi- 



tion, the development apparatus using the two compo- 
nent development agent tends to be a relatively large- 
sized machine. In order to avoid these disadvantages 
of the two component development agent, it is more 

5 convenient to employ the development method that us- 
es the single component development agent. 
[0005] In the development using the single compo- 
nent development agent, however, the development 
roller is needed to be held in contact evenly with the im- 

10 age carrying member in a stable manner. Otherwise, the 
amount of toner supplied to the image carrying member 
is unstable, which may cause problematic phenomenon 
such as an uneven density on a formed image or a dirty 
background. 

15 [0006] To reproduce a superior quality image, it is re- 
quired that the development agent carried on the devel- 
opment roller is made into a thin layer by regulating the 
contact of the image carrying member and the develop- 
ment roller in an area where the development process 

20 js conducted. 

[0007] A Published Japanese Unexamined Patent 
Application, No. 60-1 03372 (1 985), attempts to regulate 
the toner into a thin layer in an even manner with a de- 
velopment apparatus using a roll-shaped toner layer 

25 regulating member that includes a roll-shaped rubber 
surface having hardness in a range of 1 0 degrees to 40 
degrees according to the JIS-A (Japanese Industrial 
Standard -A). However, it is apparent that this structure 
is not sufficient to realize the attempt. In fact, when a 

30 polyurethane rubber of hardness in the range of 10 de- 
grees to 40 degrees JIS-A is used for the toner layer 
regulating member, it is not possible to form an even 
and thin toner layer because a friction coefficient of such 
toner layer regulating member is relatively high. 

35 [0008] A Published Japanese Unexamined Patent 
Application, No. 10-104945 (1998), attempts to form an 
even toner layer and to accelerate a toner charging. This 
attempt uses a roll-shaped toner layer regulating mem- 
ber having a surface roughness R z in a range of from 2 

40 urn to 1 00 um, and produces an effect of a vibration elec- 
tric field by applying a voltage overlaid with an AC (al- 
ternating current) bias to the development roller. This 
attempt, however, is not practical since it has problem- 
atic disadvantages. For example, it requires a coating 

^5 on the surface of the toner layer regulating member with 
uniform toner particles and a matrix resin because of the 
surface roughness R 2 . Also, this attempt requires a 
complex configuration which leads to a relatively high 
manufacturing cost since it uses an AC power source. 

so [0009] Fig. 26 shows a background development ap- 
paratus that uses a single component development 
agent. In this background development apparatus, a 
roller-like-shaped development agent carrying member 
301 and a roller-like-shaped development agent supply- 

55 ing member 302 are rotated so that development agent 
contained in a hopper 304 built in a development case 
303 is supplied and the development agent is carried on 
the circumferential surface of the development agent 
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carrying member 301 . The development agent carried 
is formed into a thin layer by a development agent reg- 
ulating member 305 and is then attracted to an image 
carrying member (not shown) so that a latent image 
formed on the image carrying member is developed into 5 
a visual image. 

[0010] The development agent regulating member 
305 has, in many cases, a blade-like shape, as shown 
in Fig. 26, and brings its edge into contact with the de- 
velopment agent carrying member 301 so as to regulate 10 
a thickness of the development agent carried. A devel- 
opment agent regulating member including a layer of an 
elastic substance such as a urethane rubber is applied 
to a case in which the development agent carrying mem- 
ber includes a hard roller made of a metal or plastic. A *5 
metal-made development agent regulating member is 
applied to a case in which the development agent car- 
rying member includes an elastic roller made of rubber. 
[0011] In a development apparatus using the above 
blade-shaped development agent regulating member 20 
305, the development agent is subjected to a friction 
charging process in a nip band region formed between 
the development agent carrying member and the devel- 
opment agent regulating member. However, the surface 
of the development agent is prone to be worn over time 25 
because of the friction charging process and therefore 
the charge capacity of the development agent is re- 
duced. As a result, the charge amount on the develop- 
ment agent is reduced which causes problematic phe- 
nomenon such as a dirty background, a failed-develop- 30 
ment relative to a fine dot, etc. 

[0012] Also, the development agent is prone to be 
melt in the nip band region due to heating caused 
through the friction charging process. When the melt de- 
velopment agent fixes on the development agent regu- 35 
lating member, it causes a line mark on the development 
agent carrying member. This causes a problematic 
white line mark on a recording sheet, as a result. 
[0013] In addition, a foreign substance such as dust 
particles is prone to be lodged between the develop- *o 
ment agent carrying member and the development 
agent regulating member and such a lodged foreign 
substance may cause the above-described white line 
marks on a recording sheet. A cause of this is in a struc- 
ture in which the blade-shaped development agent reg- *s 
ulating member 305 is fixed with Its base edge to the 
development case 303 such that the top edge thereof 
contacts the circumferential surface of the development 
agent carrying member 301 under pressure. 
[0014] The above-described problems, in many cas- so 
es, occur in a relatively short time period and they are 
not easily recovered when occurred. Accordingly, the 
life time of the development apparatus is shortened and 
the development apparatus needs to be frequently ex- 
changed, which increases a user's burden with respect 55 
to time and cost. In particular, the blade-shaped devel- 
opment agent regulating member is not a realistic solu- 
tion for a high speed printing apparatus. 
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[0015] Published Japanese Unexamined Patent Ap- 
plications, No. JP09-80905 (1997) and No. JP11-84867 
(1999), exemplary describe background development 
apparatuses using roller-shaped development agent 
regulating members. As shown in Fig. 27, a develop- 
ment agent regulating member 406 includes a shaft 407 
supported by a supporter 408. The supporter 408 is 
pressed by a pressing member 409 so that the devel- 
opment agent regulating member 406 contacts a devel- 
opment agent carrying member 401 under pressure 
while rotating in the direction opposite to the rotation di- 
rection of the development agent carrying member 401 . 
[0016] In these development apparatuses, the roller- 
like-shaped development agent regulating member 406 
are rotated, and it is therefore possible to reduce occur- 
rence of an event in that a foreign particle such as dust 
is lodged between the development agent carrying 
member 401 and the development agent regulating 
member 406. 

[0017] However, in an image forming apparatus ca- 
pable of using a large-sized recording sheet (i.e., an A3 
size sheet), the development agent regulating member 
406 as well as the development agent carrying member 
401 necessarily have sufficiently long lengths. Accord- 
ingly, the development agent regulating member 406 is 
prone to be bent when the shaft 407 is pressed by the 
pressing member 409. When the development agent 
carrying member 401 is rotated, it pulls the development 
agent regulating member 406 which is therefore further 
bent. As a result, the development agent regulating 
member 406 generates a gap 8 at the center in the axial 
direction relative to the development agent carrying 
member 401 , as shown in Fig. 28. 
[0018] In this case, the pressure of the development 
agent regulating member 406 relative to the develop- 
ment agent carrying member 401 becomes uneven and , 
as a resurt, the layer of the development agent on the 
development agent carrying member 401 becomes un- 
even and thick around the center, as shown in Fig. 29. 
In addition, the charge amount of the development 
agent becomes extremely low around the center in the 
axial direction, as shown in Fig. 30. These abnormal 
conditions lead problematic phenomenon such as a ton- 
er dispersion inside the apparatus, etc. 
[0019] In order to reduce the gap 6 shown in Fig. 28, 
the axial diameter of the shaft 407 may be made thicker. 
However, the shaft 407, even if it is made of steel, is 
needed to have a diameter of 1 5 mm or thicker and be- 
comes extremely heavy. This leads to an inevitable ne- 
cessity of making the whole apparatus. 

SUMMARY OF THE INVENTION 

[0020] The present application describes a novel de- . 
veiopment apparatus. In one example, a novel develop- 
ment apparatus includes a development roller, a sup- 
plying roller, and a toner layer regulating member. The 
development roller is configured to contact an image 
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carrying member and to develop an electrostatic latent 
image into a toner image on the image carrying member. 
In this case, the development roller is made of aluminum 
and is rotatably mounted in the apparatus. The supply- 
ing roller configured to supply toner to the development 
roller. The toner layer regulating member is configured 
to regulate the toner to form a thin film on the develop- 
ment roller. In this example, the toner layer regulating 
member has a roller shape, a surface roughness R z in 
a range of from 0.5 um to 2 um, and a dynamic friction 
coefficient in a range of from 0.1 to 0.8. 
[0021 ] The toner may have a volume average particle 
diameter in a range of from 6 uxn to 9 urn. 
[0022] The development roller may have a surface 
coated with an anodized aluminum film, a surface sub- 
jected to an electroless nickel plating, a surface subject- 
ed to a nitriding processing, or a surface coated with a 
melamine resin. 

[0023] Further, the present application describes a 
novel development agent layer regulator. In one exam- 
ple, a novel development agent layer regulator includes 
a roller which is configured to contact a member for car- 
rying a development agent and to form a thin film of the 
development agent on the member. This roller has a di- 
ameter around a center portion thereof greater than a 
diameter around end portions thereof and a symmetrical 
shape about a center line perpendicular to an axis there- 
of 

[0024] Further, the present application describes a 
novel development apparatus, in one example, a novel 
development apparatus includes a roller which is con- 
figured to contact a member for carrying a development 
agent and to form a thin film of the development agent 
on the member. This roller has a diameter around a cent- 
er portion thereof greater than a diameter around end 
portions thereof and a symmetrical shape about a center 
line perpendicular to an axis thereof. 
[0025] In the above-described development appara- 
tus, a diameter of the roller may be linearly reduced from 
the center line towards the both end portions, or the di- 
ameter of the roller may be of constant within a prede- 
termined width in the center portion and is linearly re- 
duced from edges of the center portion towards the both 
end portions. 

[0026] In the above-described development appara- 
tus, a length of the roller in an axial direction may be 
divided into a plurality of sections, a diameter of the roll- 
er in each section may be linearly reduced towards the 
end portion, and angles of slanting line segments 
formed by the diameters in the plurality of sections rel- 
ative to the axis of the roller may be stepwise reduced 
towards the end portions. 

[0027] The diameters on division lines at which the 
length of the roller is divided may be set on a single 
quadric curve or on a single circular arc. 
[0028] In the above-described development appara- 
tus, an intersection point of adjacent two slanting line 
segments among the slanting line segments formed by 



the diameters in the plurality of sections may meet a sin- 
gle circular arc of a predetermined radius. 
[0029] The slanting line segments formed by the di- 
ameters in the plurality of sections may be tangent to a 

5 single quadric curve or to a single circular arc. 

[0030] In the above-described development appara- 
tus, more than one of the diameters on division lines at 
which the length of the roller is divided may be set on a 
single quadric curve and more than one of the slanting 

10 line segments formed by the diameters in the plurality 
of sections may be tangent to the same single quadric 
curve. 

[0031] In the above-described development appara- 
tus, more than one of the diameters on division lines at 

*s which the length of the roller is divided may be set on a 
single circular arc and more than one of the slanting line 
segments formed by the diameters in the plurality of sec- 
tions may be tangent to the same single circular arc. 
[0032] The diameter of the roller may be varied in the 

20 axial direction in accordance with a specific curve of a 
variant to a fourth power, in accordance with a quadric 
curve, or in accordance with a circular arc. 
[0033] In the above-described development appara- 
tus, tangent lines of the specific curve may be used as 

25 line segments for both sides of the specific curve so that 
the diameter of the roller is made relatively greater in 
the both end portions. 

[0034] In the above-described development appara- 
tus, both end portions of a different curve that touches 

30 the specific curve may be used as line segments for both 
sides of the specific curve so that the diameter of the 
roller is made relatively greater in the both end portions. 
[0035] The roller may include an elastic layer. 
[0036] The development agent may include a single 

35 component. 

[0037] Further, the present application describes a 
novel process cartridge. In one example, a novel proc- 
ess cartridge include a development apparatus which 
includes a roller. The roller is configured to have a di- 

40 ameter around a center portion thereof greater than a 
diameter around end portions thereof and to have a 
symmetrical shape about a center line perpendicular to 
an axis thereof. The roller contacts a member for carry- 
ing a development agent and forms a thin film of the de- 

45 velopment agent on the member. The process cartridge 
is detachably installable to an image forming apparatus. 
[0038] Further, the present application describes a 
novel image forming apparatus. In one example, a novel 
image forming apparatus a development apparatus 

50 which includes a roller. The roller is configured to have 
a diameter around a center portion thereof greater than 
a diameter around end portions thereof and to have a 
symmetrical shape about a center line perpendicular to 
an axis thereof. The roller contacts a member for carry- 

55 jng a development agent and forms a thin film of the de- 
velopment agent on the member. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] A more complete appreciation of the present 
invention and many of the attendant advantages thereof 
will be readily obtained as the same becomes better un- 
derstood by reference to the following detailed descrip- 
tion when considered in connection with the accompa- 
nying drawings, wherein: 

Fig. 1 is an illustration for explaining a development 
apparatus according to a preferred embodiment of 
the present application; 

Fig. 2 is an illustration for explaining a method of 
measuring a pressure applied from a toner layer 
regulating member to a development roller included 
in the development apparatus of Fig. 1 ; 
Fig. 3 is a table 1 showing relationships between 
the Types of the toner layer regulating member and 
a dynamic friction coefficient of the toner layer reg- 
ulating member relative to the development roller; 
Fig. 4 is a graph illustrating a relationship between 
the dynamic friction coefficient of the toner layer 
regulating member relative to the development roll- 
er and an amount of toner deposited on the devel- 
opment roller; 

Fig. 5 is a schematic diagram of a cross-sectional 
view of a color laser printer according to the present 
application; 

Fig. 6 is a schematic diagram of a cross -sectional 
view of a development unit included in the color la- 
ser printer of Fig. 5; 

Fig. 7 is an illustration for explaining a supporting 
mechanism of a development agent regulating 
member relative to a development agent carrying 
member; 

Fig. 8 is an illustration for explaining an example of 
a shape of the development agent regulating mem- 
ber; 

Fig. 9 is a graph showing a relationship between an 
evenness of the development agent layer and a po- 
sition on the development agent regulating member 
in the axial direction; 

Fig. 10 is a graph showing a relationship between 
a charge amount of the development agent and a 
position on the development agent regulating mem- 
ber in the axial direction; 

Figs. 11 and 12 are illustrations for explaining dif- 
ferent examples of the shape of the development 
agent regulating member; 

Figs. 13 and 14 are graphs for demonstrating rela- 
tionships of an amount of crown and a position in 
the axial direction of the development agent regu- 
lating member having further different shapes; 
Fig. 1 5 is an illustration for explaining a further dif- 
ferent example of the shape of the development 
agent regulating member; 

Figs. 16-18 are graphs for demonstrating relation- 
ships of the amount of crown and the position in the 



axial direction of the development agent regulating 
member having further different shapes; 
Figs 1 9 and 20 are a graph and an illustration for 
explaining further different shapes of the develop- 

5 ment agent regulating member; 

Figs 21 and 22 are a graph and an illustration for 
explaining further different shapes of the develop- 
ment agent regulating member; 
Figs 23 and 24 are a graph and an illustration for 

io explaining further different shapes of the develop- 
ment agent regulating member; 
Fig. 25 is an illustration for explaining an image 
forming apparatus according to the present appli- 
cation; 

15 Fig. 26 is an illustration for explaining a prior art de- 
velopment apparatus; 

Fig. 27 is an illustration showing a supporting mech- 
anism of a development agent regulating member 
relative to a development agent carrying member in 

20 the prior art development apparatus of Fig. 26; 

Fig. 28 is an illustration showing conditions in which 
the development agent regulating member relative 
to a development agent carrying member is bent in 
the prior art development apparatus of Fig. 26; 

25 Fig. 29 is a graph showing a relationship between 

an evenness of the development agent layer and a 
position on the development agent regulating mem- 
ber in the axial direction in the prior art development 
apparatus of Fig. 26; and 

30 Fig. 30 is a graph showing a relationship between 
a charge amount of the development agent and a 
position on the development agent regulating mem- 
ber in the axial direction in the prior art development 
apparatus of Fig. 26. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0040] In describing preferred embodiments of the 

40 present invention illustrated in the drawings, specific ter- 
minology is employed for the sake of clarity. However, 
the present invention is not intended to be limited to the 
specific terminology so Selected and it is to be under- 
stood that each specific element includes all technical 

45 equivalents which operate in a similar manner. 

[0041] Referring now to the drawings, wherein like ref- 
erence numerals designate identical or corresponding 
parts throughout the several views, and more particu- 
larly to Fig. 1 thereof, a development apparatus 1 ac- 

50 cording to a preferred embodiment is explained. The de- 
velopment apparatus 1 shown in Fig. 1 includes a de- 
velopment roller 2, a toner supplying roller 3, a toner 
layer regulating member 4, a scraping member 5, and 
a toner transfer member 6. The development roller 2 de- 

55 velops a toner image on a surface of an image carrying 
member 9 (hereinafter referred to as a photoconductor 
9) with a development agent composed of a single com- 
ponent. The toner layer regulating member 4 that has a 



5 



BNSDOCID: <EP 1 16251 4A2_L> 



9 



EP1 162 514 A2 



10 



cylindrical shape such as a roller regulates an amount 
of toner deposition onto the development roller 2 and 
makes the toner charged. The scraping member 5 
scrapes the toner off the surface of the development roll- 
er 2. The toner supplying roller 3 provides the toner with 5 
a preliminary charge and supplies the preliminarily 
charged toner to the development roller 2. The toner 
transfer member 6 transfers the toner from a hopper (not 
shown) for containing the toner to the toner supplying 
roller 3. In this example, the photoconductor 9 has a belt 10 
shape, however, it may have a cylindrical shape such 
as a drum. 

[0042] The development roller 2 is rotated at a linear 
velocity ratio 1.1 to 2.0 times as fast as the photocon- 
ductor 9 in the direction same as the photoconductor 9 *5 
moves, or in the clockwise direction in Fig. 1 . The trans- 
fer member 6 is rotated clockwise or counterclockwise 
to transfer the toner to the toner supplying roller 3. The 
toner supplying roller 3 includes a metal core (not 
shown) and a foam member made of polyurethane : sil- 20 
icon, EPDM (ethylenepropylenediene rubber), polycar- 
bonate, etc. The toner supplying roller 3 is configured to 
contact the development roller 2 under pressure so as 
to form therebetween a nip band having a predeter- 
mined width and is rotated clockwise or counterclock- 25 
wise at a linear velocity relatively different from that of 
the development roller 2 so that the toner on the toner 
supplying roller 3 is preliminarily charged and is trans- 
ferred to the development roller 2 by the action of friction 
in the area of the nip band. 30 
[0043] The roller-shaped toner layer regulating mem- 
ber 4 is configured to contact the development roller 2 
under a predetermined pressure to form a nip band hav- 
ing a predetermined width and regulates the amount of 
toner that passes through the nip band on the develop- 35 
ment roller 2. Thus, the toner on the development roller 
2 is caused to evenly form a layer thereon. Because the 
toner thus passing through the nip band receives a 
charge from the surfaces of the development roller2 and 
the toner layer regulating member 4, a charge level of *o 
the toner used forthe development on the photoconduc- 
tor 9 is sufficient and stable. 

[0044] Referring to Fig. 2, an exemplary way of meas- 
uring a dynamic friction coefficient of the surface of the 
toner layer regulating member 4 is explained. The toner 45 
layer regulating member 4 is made of aluminum and has 
a surface roughness R 2 in a range of from 0.5 im to 2.0 
)m. A pressure spring 7 provides a pressure to an axis 
supporter 8 so that the toner layer regulating member 4 
is applied with a load similar to that applied during an so 
actual operation. The load applied to the toner layer reg- 
ulating member 4 is actually ranged between 3 g/mm 
and 15 g/mm although it depends on a hardness and a 
diameter of the toner layer regulating member 4. 
[0045] During the measurement, the toner is not used 55 
and the toner supplying roller 3 and other members con- 
tacting the development roller 2 are removed from the 
development apparatus 1. The toner layer regulating 



member 4 is tentatively held so as not to be rotated. 
Then, only the development roller 2 is rotated and its 
rotation torque is measured with a torque meter. During 
this process, the development roller 2 is rotated in the 
same direction as in an actual operation. It is known that 
the rotation velocity of the development roller 2 does not 
largely affect the measurement of the torque. Therefore, 
an appropriate rotation velocity closer to the actual ve- 
locity is preferably selected so that variations of the 
measurements are avoided although it is not necessar- 
ily so precise. The relationships among the rotation 
torque T, the dynamic friction coefficient 1 of the surface 
of the toner layer regulating member 4, a pressure P 
between the toner layer regulating member 4 and the 
development roller 2, and a radius r of the development 
roller 2 are expressed by the following equation; 

T = i*P*r. 

Accordingly, the dynamic friction coefficient i is ex- 
pressed by the following equation; 

i = T/(P*r). 

[0046] Exemplary results of the measurements of the 
dynamic friction coefficient are shown in a table 1 of Fig. 
3. In the table 1 , each measured value of the dynamic 
friction coefficient is a result of the measurement on the 
toner layer regulating member 4 that was covered with 
a surface material each time different, as indicated in 
the table 1 . The surface of the aluminum roller used dur- 
ing the measurements was conveniently finished with a 
sandblast of a mesh between #240 - #800 and, if it re- 
sulted in the surface roughness R 2 ranging between 0.5 
im to 2.0 im, the values of the dynamic friction coefficient 
were not varied. 

[0047] Referring to Fig. 4, a relationship between the 
dynamic friction coefficient of the toner layer regulating 
member 4 and a toner amount m/a (mg/cm 2 ) on the de- 
velopment roller 2 made of aluminum or SUS (stainless 
steel) is explained. When the aluminum-made develop- 
ment roller 2 or the SUS-made development roller 2 was 
used, the surface roughness R 2 of the development roll- 
er 2 was preferably in the range between 2 im and 3.5 
im with consideration of efficiency of the toner transfer 
and evenness of the toner layer. If the surface rough- 
ness R 2 of the development roller 2 was relatively small, 
the toner amount on the development roller 2 reduces 
and, on contrary, if it was relatively large, the toner even- 
ness was broken. As a result, an image of uneven den- 
sity was generated in both cases. Therefore, the devel- 
opment roller 2 having the surface roughness R z of 2 im 
was used for the measurement of the toner amount m/ 
a on the development roller 2. 

[0048] Likewise, the surface roughness R 2 of the ton- 
er layer regulating member 4 is needed to be smaller 
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than 4 im relative to a general image since it affects the 
evenness of the toner layer. However, the surface 
roughness R z of the toner layer regulating member 4 is 
preferably smaller than 2 im relative to a high precision 
image such as an image of 600 dpi or more, for example. 5 
In the measurement, the the toner layer regulating mem- 
ber 4 having the surface roughness R 2 of 4 im was used. 
[0049] The hardness of the toner layer regulating 
member 4 is known to be preferably in a range between 
1 0% and 40% according to the JIS-A (Japanese Indus- 10 
trial Standard -A). However, it was found in the experi- 
ment that the toner layer regulating member 4 having 
the hardness in the range between 5% and 60% JIS-A 
was successfully used, that is, the toner amount on the 
development roller 2 was evenly formed by the usage is 
of the development roller 2 having the preferable sur- 
face roughness as described above. 
[0050] Fig. 4 shows the cases using the toner having 
volume average particle diameters of 6 im and 10 im. 
The case of the 1 0-im diameter is first explained. In the 20 
measurement, the above-described toner layer regulat- 
ing member 4 was used. 

[0051] As shown in the measurement result, when the 
toner layer regulating member 4 had the dynamic friction 
coefficient lower than 0.1 and higher than 1.1, the toner 25 
amount on the development roller 2 was largely varied. 
When the toner layer regulating member 4 regulates the 
toner amount and brings a constant amount of the toner 
to advance, the regulating force is a friction force gen- 
erated when the toner particles forwardly moved by the 30 
development roller 2 were brought into contact with the 
surface of the toner layer regulating member 4. There- 
fore, when the dynamic friction coefficient is made lower 
than 0.1 . this was the case where the toner layer regu- 
lating member 4 was not able to hold the toner particles 35 
on the surface thereof which were then easily forwarded 
by the rotation of the development roller 2 and thus the 
toner amount was not able to be controlled. 
[0052] When the toner layer regulating member 4 
made of PTFE (polytetrafluroethylene) or PFA (perfluor- *o 
oalkoxy) was used, the toner overflows in the above 
mentioned low dynamic friction coefficient range. In this 
case, no successful result was obtained even by in- 
creasing the pressure. The fluoride-isocyanate increas- 
es inclusion of fluoride resin. Therefore, when the toner 45 
layer regulating member 4 made of the fluoride-isocy- 
anate was used, the toner layer started to have uneven 
portions in the dynamic friction coefficient lower than 
0.1. However, if the inclusion of the fluoride resin was 
adjusted to an appropriate level so as to slightly increase so 
the dynamic friction coefficient, the toner layer was 
evenly formed and the development roller 2 was able to 
supply an appropriate amount of toner which was 0.6 
mg/cm 2 or smaller on the development roller 2. 
[0053] When the dynamic friction coefficient of the 55 
toner layer regulating member 4 was changed from low- 
erto higher by changing the materials shown in the table 
1 of Fig. 3, the force for regulating the toner was in- 



creased and, as a result, the toner amount on the de- 
velopment roller 2 had a tendency to be decreased 
when the dynamic friction coefficient ji was changed 
from 0.1 to 0.9. 

[0054] The toner layer regulating member 4 applied 
with the materiais having relatively large dynamic fric- 
tion coefficients were also experimentally used. In the 
case of a silicon rubber having the dynamic friction co- 
efficient u. of 1.1, it caused an event that the toner 
amount on the development roller 2 was decreased to 
about 0.2 mg/cm 2 and, at the same time, another event 
that the development roller and the toner amount on the 
development roller was partly increased because of a 
vibration created between the toner layer regulating 
member, in the case of a polyurethane rubber having 
the dynamic friction coefficient u, of 1 .1 5, it caused a rel- 
atively large vibration and. as a result, an increased un- 
evenness of the toner layer on the development roller. 
It appeared that such a vibration was caused by a partly 
increased friction due to a direct contact between the 
toner layer regulating member and the development roll- 
er. That is, the higher dynamic friction coefficient of the 
toner layer regulating member increased the regulating 
force relative to the toner on the development roller and 
accordingly some part of the development roller carried 
a lesser amount of the toner, which eventually caused 
the direct contact between the toner layer regulating 
member and the development roller. 
[0055] From these experimental results, it was con- 
cluded as that the dynamic friction coefficient of the ton- 
er layer regulating member was needed to be within an 
appropriate range so as to make an even toner layer on 
the development roller. 

[0056] When the toner amount m/a on the develop- 
ment roller 2 was smaller than 0.4 mg/cm 2 , the rotation 
velocity of the development roller 2 was needed to be 
increased and, as a result, the load to the relevant mech- 
anism was adversely increased. On contrary, when the 
toner amount m/a on the development roller 2 was 
greaterthan 0.6 mg/cm 2 , the toner decreased its charge 
amount and were attracted to the non-image region of 
the photoconductor 9 which accordingly caused a prob- 
lematic phenomenon called a dirty background. There- 
fore, the toner amount on the development roller 2 was 
adjusted to the range of from approximately 0.4 mg/cm 2 
to approximately 0.6 mg/cm 2 . As a result, the dynamic 
friction coefficient of the toner layer regulating member 
4 was set to a value in the range between 0.1 and 0.8 
so that a quality image of even density without having 
no dirty background was reproduced. 
[0057] The case of using the toner having a relatively 
small volume average particle diameter of 6 im, as 
shown in Fig. 4, is now explained. Using the toner of a 
small diameter, such as in a range 6 im to 9 im, in- 
creased an image resolution and the charge amount of 
the toner which brought advantages such as increase 
of a margin to the dirty background and improvement of 
a gray-scale reproducibHity. On the other hand, the toner 
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was prone to be leaked from an area where the toner 
layer regulating member 4 and the development roller 
2 contact to each other. This was the reason that the 
6-im-diameter toner had a more sharp rise of the toner 
amount on the development roller 2 than the 1 0-im-di- 5 
ameter toner in an area where the dynamic friction co- 
efficient of the toner layer regulating member 4. Howev- 
er, from the study based on the above experiments, it 
was found that when the dynamic friction coefficient of 
the toner layer regulating member 4 was set to a value 10 
of 0. 1 or smaller a stable toner layer was successfully 
formed even with the 6-im-diameter toner without caus- 
ing the toner leakage. 

[0058] When the toner layer regulating member 4, 
having a cylindrical shape such as a roller and function- 15 
ing by being rotated either continuously or intermittently, 
the toner deposited on the toner layer regulating mem- 
ber 4 adversely affected the charging of the toner and 
the forming of the toner layer. This happened particularly 
at a time when the roller-shaped toner layer regulating 20 
member 4 made a turn to bring the toner into the nip 
band area formed between the toner layer regulating 
member 4 and the development roller 2. 
[0059] Such toner deposited on the toner layer regu- 
lating member 4 were needed to be scraped off before 25 
it came to the nip band area. In this case, the scraping 
member 5 which was made in a form of plate was used 
to remove the toner deposited on the toner layer regu- 
lating member 4. However the scraping member 5 had 
a difficulty in removing the deposited toner as the size 30 
of the toner was made smaller. When the deposited ton- 
er was not effectively removed, the toner was accumu- 
lated around the toner layer regulating member 4. This 
caused problematic phenomena. For example, the 
charge of the toner deposited on the toner layer regu- 35 
lating member 4 was made unstable. For another exam- 
ple, the toner resin and an additive agent were firmly 
deposited on the toner layer regulating member 4 so as 
not to easily be removed afterwards. 

[0060] The toner layer regulating member 4 having 40 
the dynamic friction coefficient of a lower value was ad- 
vantageous from the viewpoint of the removal of the ton- 
er from the toner layer regulating member 4. From the 
study of the above experiments : it was found that the 
toner was successfully removed by the scraping mem- 
ber 5 when the dynamic friction coefficient was 0.8 or 
smaller in the case of using the 6-im-diameter toner. 
Therefore, it appeared that the toner layer was success- 
fully formed in a stable and even manner even with the 
small-sized toner having the diameter in the range of so 
from 6 im to 9 im when the dynamic friction coefficient 
of the toner layer regulating member 4 was set to a value 
in a range of 0. 1 to 0.8. Thereby, the resolution and the 
gray-scale can be improved and, as a result, a high qual- 
ity image can be reproduced. 55 
[0061] When the development roller 2 made of alumi- 
num orSUS was used for a relatively long period of time, 
the surface roughness thereof was reduced and the 



force for transferring the toner was reduced. According- 
ly, the toner amount on the development roller 2 was 
reduced and the life time of the development roller 2 was 
shortened. 

[0062] The life times of the development rollers 21 
made of aluminum and SUS in the number of print 
sheets were about 10,000 sheets and 20,000 sheets, 
respectively. Since it was not practical to exchange only 
the development roller 2 in the development apparatus 

1 , the whole development apparatus 1 was exchanged 
when the life time of the development roller 2 expired. 
That is, the life time of the development roller 2 deter- 
mined the life time of the development apparatus 1 . The 
development apparatus 1 had the life time of 100,000 
sheets or more, however, this life time was shortened to 
one-fifth due to the life time of the development roller 2. 
To avoid this waste, the development roller 2 needed to 
be improve in an antifriction characteristic. But, when 
the development roller 2 was improved in the antifriction 
characteristic (i.e., an abrasion resistance was in- 
creased), the toner resin and the additive agent were 
prone to be firmly deposited on the development roller 

2. As a result, various problematic phenomena were 
caused such as reduction of the resolution, occurrence 
of the dirty background, reduction of a halftone even- 
ness, etc. and an inferior quality image was accordingly 
reproduced. Therefore, the conditions in which the firm 
toner deposition on the development roller 2 occurred 
was searched. As a result of the search, it was found 
that the firm toner deposition on the development roller 
2 occurred when the dynamic friction coefficient of the 
toner layer regulating member 4 was 0.8 or greater 
which then increased an amount of frictional heating. 
[0063] The increased frictional heating increased the 
surface temperature of the development roller 2 and, as 
a result, the increased surface temperature of the de- 
velopment roller 2 was prone to make the above-men- 
tioned firm toner deposition. Therefore, the life time of 
the development apparatus 1 can be extended by using 
the high-abrasion-resistant development roller 2 togeth- 
er with the toner layer regulating member 4 having the 
dynamic friction coefficient in the range of 0.1 to 0.8. 
[0064] In the above experiment, another type of the 
development roller 2 was used, which was coated with 
an anodized aluminumfilm so as to increase the surface 
hardness from 70 Hv of the aluminum to 350 Hv accord- 
ing to the Vickers hardness test. When this development 
roller 2 was used together with the toner layer regulating 
member 4 having the dynamic friction coefficient of 0.1 
to 0.8, the development apparatus 1 reproduced a su- 
perior quality image for 70,000 sheets. 

[0065] In the above experiment, another type of the 
development roller 2 was used, which was subjected to 
an electroless nickel plating so as to increase the sur- 
face hardness from 70 Hv of the aluminum to 400 Hv 
according to the Vickers hardness test. When this de- 
velopment roller 2 was used together with the toner layer 
regulating member 4 having the dynamic friction coeffi- 
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cient of 0.1 to 0.8, the development apparatus 1 suc- 
cessfully reproduced a superior quality image for 80,000 
sheets. 

[0066] In the above experiment, another type of the 
development roller 2 was used, which was subjected to 5 
a nitriding processing so as to increase the surface hard- 
ness from 250 Hv of SUS to 600 Hv according to the 
Vickers hardness test. When this development roller 2 
was used together with the toner layer regulating mem- 
ber 4 having the dynamic friction coefficient of 0.1 to 0.8, 10 
the development apparatus 1 successfully reproduced 
a superior quality image for 100,000 sheets. 
[0067] The above examples of the long life develop- 
ment apparatus used the development roller 2 which 
had the metal su rface or the oxidation layer and in which is 
the surface roughness of such surface or layer was used 
to exploit the characteristic of the toner transportation. 
In these cases, the dynamic friction coefficient of the 
toner layer regulating member 4 was defined by the 
case of aluminum and which could be applied to other 20 
cases as well. 

[0068] As described above in the discussion about the 
cases of using the small-sized diameter toner, a quality 
improvement of image was achieved by increasing a 
charge of the toner. To increase the charge of the toner, 25 
a contact charging was preferably conducted between 
the development roller2 and the toner. In addition, con- 
ditions in which the development roller 2 had the long 
life and the function for applying a charge to the toner 
were studied and, as a result, it was found that the de- 30 
velopment roller 2 coated with a melamine resin film 
showed a successful result. 

[0069] In the above experiment, when one type of the 
development roller 2 coated with the melamine resin film 
was used together with the toner layer regulating mem- 35 
ber 4 having the dynamic friction coefficient of 0. 1 to 0.8, 
the development apparatus 1 successfully reproduced 
a superior quality image for 140,000 sheets. When the 
development roller 2 coated with the melamine resin film 
having the surface roughness of smaller than 1 p.m was 40 
used, thetonerwas still successfully transferred without 
causing the reduction of the toner amount m/a on the 
development roller 2 which was normally caused by the 
reduction of the surface roughness of the development 
roller 2. Therefore, the lifetime of the development roller 45 
2 was extremely longerthan the development apparatus 
1. In addition, the charge amount of the toner was in- 
creased with this development roller 2 and therefore a • 
superior quality image was successfully reproduced. 
[0070] In this development roller 2, the toner transpor- 50 
tation mechanism relies on tackiness of the surface of 
the development roller 2 relative to the toner rather than 
the surface roughness of the development roller 2. 
Therefore, the life time of the development roller 2 will 
be extended for an extremely long time period unless 55 
the firmly deposited toner is occurred relative to the de- 
velopment roller 2. 

[0071] It is noted, however, that an appropriate value 



of the dynamic friction coefficient of the toner layer reg- 
ulating member 4 relative to the toner amount m/a on 
the development roller 2 was experimentally proved to 
be within the range of 0.1 to 0.8 and, further, when the 
value was out of the range of 0.1 to 0.8, the above-men- 
tioned problematic phenomenon were occurred. 
[0072] Fig. 5 shows a color laser printer 1 00 according 
to a preferred embodiment of the present application. 
The color laser printer 100 of Fig. 5 includes a photo- 
conductor unit 1 0 approximately at a center thereof. The 
photoconductor unit 1 0 includes a plurality of rollers 11 
and an image carrying member 12, an endless belt. The 
image carrying member 12 is extended under tension 
on the plurality of rollers 11 . The image carrying member 
12 is coated with an organic photoconductive layer. 
[0073] The color laser printer 100 further includes a 
charging unit 14, a laser writing unit 15, four develop- 
ment units 16, an intermediate transfer unit 17, and a 
cleaning unit 1 8, which are provided around the photo- 
conductor unit 10. 

[0074] The charging unit 14 evenly charges the sur- 
face of the image carrying member 1 2 by applying a rel- 
atively high voltage thereto. 

[0075] The laser writing unit 1 5 includes a laser diode 
(not shown) and controls it to emit laser light in accord- 
ance with a color image signal provided from a compu- 
ter, for example, towards the surface of the image car- 
rying member 12 via a polygon mirror 20, an f/G (ef/the- 
ta) lens 21 , and a reflection lens 22. Thereby, the image 
writing process is performed according to signals of 
black, cyan, magenta, and yellow colors and an electro- 
static latent image is formed on the image carrying 
member 12. 

[0076] Each development unit 16 contains a non- 
magnetized single component development agent of a 
black, cyan, magenta, or yellow color and is detachably 
mounted. The four development units 16 are vertically 
stacked and are selectively activated so as to come 
close to the image carrying member 12. Each develop- 
ment unit 16 includes a roller-like-shaped development 
agent carrying member 25 installed inside a develop- 
ment case 24 of the development unit 1 6. When the de- 
velopment unit 16 is activated, the development agent 
carrying member 25 is brought into contact or a close 
proximity to the image carrying member 12. 
[0077] The intermediate transfer unit 17 includes an 
intermediate transfer endless-belt 28 that is extended 
under pressure on a plurality of rollers 27. The interme- 
diate transfer endless-belt 28 is coated with an organic 
photoconductive layer. The intermediate transfer unit 1 7 
further includes a sheet passage 30, an intermediate 
roller 31 , and an intermediate belt cleaning unit 32 which 
are deposited around the intermediate transfer belt 28. 
The intermediate belt cleaning unit 32 contacts the in- 
termediate belt 28 under pressure. 
[0078] The cleaning unit 1 8 includes a cleaning blade 
(not shown) that contacts the image carrying member 
12 under pressure. 
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[0079] The color laser printer 100 includes a detach- 
able sheet cassette 34 at the bottom thereof. The sheet 
cassette 34 sends a recording sheet by rotation of a 
sheet feed roller 35 into the sheet passage 30 and fur- 
ther transfers it with transfer rollers 36 towards a contact 
region between the intermediate transfer belt 28 and the 
intermediate transfer roller 31 in synchronism with a reg- 
istration roller 37. 

[0080] The color laser printer 100 further includes a 
fixing unit 38 and ejection rollers 39 along the down- 
stream parts of the sheet passage 30. A sheet stacker 
40 for stacking recorded sheets face down is formed at 
the upper part of a housing of the color laser printer 1 00. 
[0081] To perform a recording operation, the rollers 1 1 
and the rollers 27 are rotated so that the image carrying 
member 1 2 and the intermediate transfer belt 28 are ro- 
tated in the directions indicated by the respective arrows 
in Fig. 5. At the same time, the sheet feed roller 35 is 
rotated to feed a recording sheet to the contact region 
of the intermediate transfer belt 28 and the intermediate 
transfer roller 31 via the sheet passage 30. 
[0082] Also, the charging unit 14 is activated to charge 
the surface of the image carrying member 1 2 and, then, 
the writing process is performed with the laser writing 
unit 15 so that an electrostatic latent image is in turn 
formed for each color on the image carrying member 1 2. 
Subsequently, the electrostatic latent image is devel- 
oped into a visible image in each color by the develop- 
ment unit 1 6 with the development agent that is charged 
to a reverse polarity relative to the electrostatic latent 
image. The image developed in each color is then se- 
quentially transferred onto the intermediate transfer belt 
28 by being applied with a charge of a reverse polarity 
relative to the polarity of the development agent. Thus, 
separate four color images are overlaid on the interme- 
diate transfer belt 28 to form a synthesized full color im- 
age. 

[0083] The color image formed on the intermediate 
transfer belt 28 is transferred onto the recording sheet 
by being applied with a charge of a reverse polarity rel- 
ative to the polarity of the development agent with the 
intermediate transfer roller 31 . The recording sheet hav- 
ing the color image thereon is fed into the fixing unit 38 
where the color image is fixed and is then ejected with 
the ejection rollers 39 to the sheet stacker 40. 
[0084] After the transfer process, the image carrying 
member 1 2 prepares for the next image forming process 
by proceeding into a cleaning process in which the 
cleaning unit 18 cleans residual development agent off 
the surface of the image carrying member 12 with its 
cleaning blade. Also, the intermediate transfer belt 28 
prepares for the next transfer process by proceeding in- 
to a cleaning process in which the intermediate belt 
cleaning unit 32 cleans residual development agent off 
the surface of the intermediate belt cleaning unit 32 with 
its cleaning blade. 

[O085] As shown in Fig. 6, the development unit 16 
includes a development case 24, having an opening 43, 



and a development agent carrying member 25 facing 
the image carrying member 12 through the opening 43. 
The development agent carrying member 25 is rotated 
at a linear velocity ratio from 1 .0 to 2.0 relative to the 
5 image carrying member 12 in the same direction as of 
the image carrying member 12. The development agent 
carrying member 25 is pressed by a development agent 
regulating member 44 which is formed in a roller-like 
shape. 

10 [0086] The development agent regulating member 44 
includes a shaft 45 and a supporting member 46, as 
shown in Fig. 7, and is supported by the development 
case 24 via the shaft 45 and the supporting member 46 . 
The supporting member 46 is pressed by a pressing 

'5 member 47 (i.e., a spring) so that the development 
agent regulating member 44 is pressed against the de- 
velopment agent carrying member 25. The develop- 
ment agent regulating member 44 is rotated in the di- 
rection opposite against the rotation of the image carry- 

20 ing member 25. 

[0087] The development agent regulating member 44 
is pressed by a top edge of a scraping member 48, as 
shown in Fig. 6, which scrapes the development agent 
off the surface of the development agent regulating 

25 member 44. 

[0088] The development agent carrying member 25 
contacts a development agent supplying member 50 
and forms a nip band having a predetermined width. The 
development agent supplying member 50 that has a roll- 

30 er-like shape includes a metal core 51 and a foam mem- 
ber 52 made of polyurethane, silicon, EPDM, polycar- 
bonate, etc. Such development agent carrying member 
50 is rotated in the direction opposite against and at a 
different linear velocity at the nip band area relative to 

35 the development agent carrying member 25, although 
the development agent carrying member 50 may be ro- 
tated in the opposite direction. Under the development 
agent carrying member 50, a separation plate 54 is pro- 
vided. 

40 [0089] Inside the development case 24, a hopper 56 
containing non-magnetized single component develop- 
ment agent for black, cyan, magenta, and yellow colors 
is provided. Inside the hopper 56, a plurality of develop- 
ment agent transporting member 57. The development 

45 agent transportation member 57 is rotated clockwise in 
Fig. 6, although it may be rotated counterclockwise. 
[0090] In the development unit 16, the development 
agent carrying member 25 is either a hard type or a soft 
type. A hard type is, for example, a metal roller made of 

50 aluminum, SUS, steel, etc., a metal core as such coated 
with a plastic resin such as a melamine resin or the like, 
or a metal core as such coated with a hard rubber in- 
cluding fluoride resin or the like. 

[0091 ] A soft type is a metal roller or a metal shaft cov- 
55 ered by an elastic rubber layer and a surface layer. For 
example, it may be a steel shaft provided with a layer 
made of silicon, NBR (acrylonitrilebutadiene rubber), 
hydrin, urethane, or the like and further with a surface 
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layer made of fluoride resin, guanamine resin, or the 
like. 

[0092] In the case when the development agent car- 
rying member 25 is a hard type, the development agent 
regulating member 44 is needed to be the one which 
includes an aluminum or SUS or steel metal roller coat- 
ed with a plastic resin such as a melamine resin or with 
a relatively hard rubber such as a fluoride resin. 
[0093] In the other case when the development agent 
carrying member 25 is a soft type, the development 
agent regulating member 44 is needed to be the one 
which includes a metal roller or a metal shaft covered 
by an elastic rubber layer which is further covered by a 
surface layer. One example is a steel shaft covered by 
a layer of silicon, NBR, hydrin or the like which is further 
covered by a surface layer of fluoride resin, guanamie 
resin, or the like. A SUS shaft may be used, and its du- 
rability may be extended if the surface is hardened by a 
nitrifying process. 

[0094] The materials used for both the development 
agent carrying member 25 and the development agent 
regulating member 44 are needed to satisfy various fac- 
tors such as a charging characteristic relative to the 
charge of the toner, long stable conditions over time, 
abrasion resistance, and protection of development 
agent deposition. 

[0095] When the development unit 16 develops the 
latent image formed on the image carrying member 12, 
the development agent is agitated and transported by 
the rotation of the development agent transporting 
member 57 onto the separation plate 54 and is then at- 
tached to the development agent supplying member 50. 
The development agent supplying member 50 is rotated 
to bring the development agent into contact with the de- 
velopment agent carrying member 25 under pressure 
so that the development agent is primarily charged and 
is attracted to the development agent carrying member 
25 with an Coulomb force. 

[0096] The development agent carrying member 25, 
which is rotated and carries the development agent, 
brings the development agent into contact under pres- 
sure with the development agent regulating member 44 
so that the development agent is regularly charged and 
is regulated into a thin layer. Then, the development 
agent attaches to the image carrying member 1 2 so that 
the latent image on the image carrying member 12 is 
developed into a visualized image. 
[0097] In this example, the image carrying member 1 2 
has a belt shape, as illustrated in Fig. 6. However, a 
drum-like-shaped member may be used for the image 
carrying member if a surface hardness is sufficiently low. 
[0098] In this application, the development agent reg- 
ulating member 44 has a varying outside diameter, the 
center outside diameter greater than both end outside 
diameters, and has left and right halves in symmetric 
shapes. For example, as shown in Fig. 8, the develop- 
ment agent carrying member 44 has a diameter D at a 
center portion 44a which is linearly varied to a small di- 



ameter towards end portions 44b. An actual difference 
between the diameter D of the center portion 44a and 
the diameters of the end portions 44b is in a range of 
from 50 u,m to several hundreds p.m. 

5 [0099] Because of this varying diameter of the devel- 
opment agent regulating member 44, the development 
agent regulating member 44 forms little gap with and 
evenly contacts with the development agent carrying 
member 25 even when the development agent regulat- 

10 ing member 44 is bent by a force of the pressing member 
47 or the rotation of the development agent carrying 
member 25. 

[0100] Thereby, it is possible that the development 
agent is evenly formed into a layer on the development 
is agent carrying member 25, as shown in Fig. 9, wherein 
an X-axis represents positions on the development 
agent carrying member 44 along the axis direction 
thereof and a Y-axis represents a density of the devel- 
opment agent formed in the layer on the development 

20 agent carrying member 44. Further, it is possible that 
the development agent layer on the development agent 
carrying member 25 has an even amount of charges in 
the axis direction of the development agent regulating 
member 44, as shown in Fig. 10, wherein an X-axis rep- 

25 resents positions on the development agent carrying 
member 44 in the axis direction thereof and the Y-axis 
represents a charge amount of the development agent 
formed the layer on the development agent carrying 
member 44. By thus reducing the variations of the 

30 charge amount, a problematic phenomenon such as a 
dispersion of the development agent inside the appara- 
tus can be eliminated and, as a result, the color laser 
printer 100 can reproduce a superior quality image. In 
addition, it is possible to make the development agent 

35 regulating member 44 to have a shape of Fig. 8 without 
highly affecting the manufacturing cost. 
[0101] It is also possible to reduce the weight of the 
development agent regulating member 44 by reducing 
the diameter of the shaft 45 , thereby reducing the driving 

40 torque. 

[01 02] However, on the development agent regulating 
member 44 having the shape of Fig. 8, the charge 
amount of it is not evenly made and is varied in a W- 
like-shaped form in the axial direction, as shown in Fig. 

^5 io. This indicates that the pressure relative to the image 
carrying member 25 is relatively weak at the center por- 
tion 44a and the end portions 44b. In other words, it 
means that the development agent regulating member 
44 has relatively small diameters at the center portion 

50 44a and the end portions 44b. 

[01 03] In orderto evenly make the charge amount, the 
development agent regulating member 44 is made to 
have the shape, as shown in Fig. 11 , that is, the diameter 
D of the development agent regulating member 44 is 

55 made constant for a length a in the center portion 44a 
and is linearly decreased by a relatively small amount 
from the both edges of the length a towards the respec- 
tive end portions 44b. 
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[01 04] With the above arrangement, the diameters of 
the center portion 44a and the end portions 44b can be 
made greater and therefore the development agent reg- 
ulating member 44 is evenly pressed against the devel- 
opment agent carrying member 25. As a result, a phe- 
nomenon in that the charge amount is partially reduced 
is reduced and the development agent layer has a more 
even charge amount. 

[0105] However, even when the development agent 
regulating member 44 is made to have the form shown 
in Fig. 11 , the above-mentioned phenomenon is not per- 
fectly eliminated and the development agent layer 
slightly has an uneven charge amount. This is because 
the pressure applied to the development agent regulat- 
ing member 44 is still prone to be uneven, in particular, 
at positions where the slopes are started from the both 
edges of the length a towards the respective end por- 
tions 44b. 

[01 06] Then , the length of the development agent reg- 
ulating member 44 is divided into a plurality of sections 
and the diameter D of each section is linearly reduced 
so that, starting from the center portion 44a, the slope 
angle is stepwise increased section by section towards 
the end portions 44b. 

[01 07] As shown in Fig. 1 2, for example, the length of 
the development agent regulating member 44 is sym- 
metrically divided from the center portion 44a into two 
sets of sections h, i, and j at positions b. The outer di- 
ameter D of each section is linearly reduced and line 
segments M indicating such reductions of the outer di- 
ameter are successively varied so that slope angles a, 
P, and 7 are stepwise increased section by section to- 
wards the end portions 44b. 

[01 08] With this arrangement, the development agent 
regulating member 44 is more evenly pressed against 
the development agent carrying member 25. As a result, 
a phenomenon in that the charge amount is partially re- 
duced is further reduced and the development agent 
layer has a far more even charge amount so that the 
color laser printer 1 00 can reproduce a superior quality 
image. 

[0109] Based on a model of an equally distributed 
load, a bending of the development agent regulating 
member 44 in the roller shape can be expressed by an 
equation; 

w=q*L 4 7(24EI)*(x/L)*(1 -2*(x/L) 2 +(x/L) 2 ), 

wherein w represents an extent of bending at a position 
x, q represents a value resulted from a division of the 
total load by the length of the development agent regu- 
lating member 44, L represents the length of the devel- 
opment agent regulating member 44, E represents the 
Young's modulus of the shaft 45, 1 represents a second- 
ary moment of a cross-section and is equal to 7c*d 4 /64, 
and d represents the diameter of the shaft 45. 
[0110] From the above equation, w is determined as 



proportional to x 4 . Accordingly, the development agent 
regulating member 44 is arranged to have the diameter 
D that varies lengthwise by a curve of a variant (i.e., an 
x) to the fourth power. This makes the development 

5 agent regulating member 44 more evenly pressed 
against the development agent carrying member 25. As 
a result, a phenomenon in that the charge amount is par- 
tially reduced is further reduced and the development 
agent layer has a far more even charge amount so that 

10 the color laser printer 100 can reproduce a superior 
quality image. 

[0111] However, in an actual operation, the develop- 
ment agent is prone to flow in the direction from the cent- 
er portion 44a to the both end portions 44b and, as re- 
75 suit, the pressure by the development agent particles 
around the end portions 44b are increased. Therefore, 
the counter pressure applied around the end portions 
44b is needed to be increased. 

[0112] Therefore, it is more preferable to apply a 

20 quadric curve or a circular arc to the diameter D rather 
than applying a curve of a variant (i.e., an x) to the fourth 
power. Figs. 13 and 14 compare a curve A of a variant 
(i.e., an x) to the fourth power with a quadric curve B 
and a circular arc C, respectively. In Figs. 13 and 14, the 

25 X-axes are commonlv represent axial positions of the 
development agent regulating member 44 and the Y-ax- 
es are commonly represent an amount of crown that 
represents a difference between radiuses of the two 
curves. That is, for example, when the development 

30 agent regulating member 44 has the length of 300 mm 
and the center diameter of 14 mm, the amount of crown 
at the center portion 44a which is 150 mm away from 
the end portions 44b is setto 0.07 mm andthe diameters 
of the end portions 44b are 13.86 mm which is smaller 

35 than that of the center diameter by 0.14 mm. When the 
development agent regulating member 44 bears a 
greater load particularly at the both end portions 44b, 
the amount of crown at the center portion 44a is needed 
to be increased. 

[0113] Fig. 15 shows one example of the develop- 
ment agent regulating member 44 having a roller shape. 
In this case, the development agent regulating member 
44 is made through a traversal grinding or a plunge 
grinding so as to have the diameter D varying in accord- 

45 ance with a circular arc in the axial direction. That is, the 
diameter d of the shaft 45 is 6 mm, the diameter at the 
end portions 44b is 1 0 mm, and the perimeter of the roll- 
er in the axial direction is formed on the basis of a cir- 
cular arc made by a radius R of 80 to 100 mm. 

50 [0114] It may also be preferable to use the roller 
shape of Fig. 12. That is, the length of the development 
agent regulating member 44 is symmetrically divided 
from the center portion 44a into the sections at the po- 
sitions b. The outer diameter D of each section is linearly 

55 reduced towards the end portions 44b and line seg- 
ments M indicating such reductions of the outer diame- 
ters are successively varied so that the slope angles a, 
0, and y are stepwise increased section by section. In 
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this case, the outer diameter D at each position b is lo- 
cated on a single quadric curve. 

[0115] For example, it is preferable to make the outer 
diameter D at each division position b to locate on a sin- 
gle quadric curve. Fig. 16 shows a relationship between s 
a single quadric curve A and a line B made of the line 
segments M at the division positions b in this case. The 
outer diameter D at each division position b may alter- 
natively locate on a single circular arc, although it is not 
shown. In this case, the line B includes 8 line segments 10 
M 

[0116] For another example, although it is also not 
shown, the outer diameters at the division positions b 
are adjusted so that a top of the radius R meets each 
point of intersection of two adjacent line segments M. is 
[01 1 7] For another example, as shown in Fig. 1 7, it is 
also preferable to make the line M at each division point 
b to meet the same quadric curve A. Fig. 17 shows a 
relationship between the quadric curve A and a line C 
made of the line segments M at the division positions b 20 
in this case. The line M at each division point b may al- 
ternatively locate on a single circular arc, although it is 
not shown. In this case, the line C includes 7 line seg- 
ments M. 

[01 18] Further, as shown in Fig. 1 8, it is preferable to 25 
make several outer diameters at the division points b to 
meet a single quadric curve A, as indicated by letters e, 
and to make several line segments M included in a line 
D to meet the quadric curve A, as indicated by letters f. 
in this case, the line D includes 7 line segments M. The 30 
quadric curve A may be replaced by a single circular arc. 
[01 1 9] As described above, in an actual operation, the 
development agent is prone to flow in the direction from 
the center portion 44a to the both end portions 44b and, 
as result, the pressure by the development agent parti- 35 
cles around the end portions 44b are increased. There- 
fore, the counter pressure applied around the end por- 
tions 44b is needed to be increased. Therefore, it is also 
preferable to use tangent lines of a curve as both ends 
of the curve so as to make the outer diameter D greater *o 
at the end portions 44b. 

[0120] For example, as shown in Fig. 19, tangent lines 
g of a curve A are used as both ends of the curve A so 
as to make the outer diameter D extended at the end 
portions 44b along a line B that includes the tangent *s 
lines g and the curve A. Accordingly, Fig. 20 shows that 
the outer diameter D is corrected according to the lines 
g around the end portions 44b. 

[0121] Further, it is also preferable to use another 
curve of slightly greater size as both ends of the curve so 
A so as to make the outer diameter D extended at the 
end portions 44b along a curve which is made of this 
another curve and the curve A. For example, as shown 
in Fig. 21 , side portions m of another quadric curve of 
slightly greater size is used as both ends of the curve A 55 
to make a different curve and, as a result, the outer di- 
ameter D is extended at the end portions according to 
the side portions m which is included in this different 



curve, as shown in Fig. 22. 

[0122] Fig. 23 shows another example in which side 
portions n are the parts of curves upside down, that is, 
curves in an inverted position and these side portions n 
are used as both ends of the curve A so as to make a 
different curve E. The outer diameter D is extended 
around the end portions 44b according to the above dif- 
ferent curve E, as shown in Fig. 24. 
[0123] In the above examples, as shown in Fig. 7, the 
shaft 45 of the development agent regulating member 
44 is supported by the development case 24 via the sup- 
porting member 46 and the supporting member 46 is 
pressed by the pressing member 47 so that the support- 
ing member 46 is pressed against the development 
agent carrying member 25. However, in a case in which 
the development agent regulating member 44 is held on 
the development agent carrying member 25 without be- 
ing pressed by the pressing member 47 but using its 
own weight, the development agent regulating member 
44 may be bent. The present application can be applied 
also to such a case. 

[0124] In addition, the present application can also be 
applied to a mono-color image forming apparatus, a 
two-color image forming apparatus, and the like, al- 
though the examples described above relate to the color 
laser printer. 

[0125] For example, the present application can be 
applied to an image forming apparatus 200 that has a 
structure in which, as shown in Fig. 25, a charging unit 
214, a writing unit 21 5, a development unit 21 6, a trans- 
ferring unit 217, and a cleaning unit 218 are arranged 
around a drum-like-shaped image carrying member 
21 2. 1 n this image forming apparatus 200, the image car- 
rying member 212, the charging unit 214, the develop- 
ment unit 21 6, and the cleaning unit 21 8 are assembled 
into a process cartridge 260 which is detachably mount- 
ed in the apparatus so that the whole component can 
easily be exchanged at a time. 

[0126] In Fig. 25, reference numeral 225 denotes a 
roller-like-shaped development agent carrying member, 
reference numeral 444 denotes a roller-like-shaped de- 
velopment agent regulating member, reference numeral 
30 denotes a recording sheet, reference numeral 37 de- 
notes a registration roller, and reference numeral 38 de- 
notes a fixing unit. 

[0127] Obviously, numerous additional modifications 
and variations of the present invention are possible in 
light of the above teachings. It is therefore to be under- 
stood that within the scope of the appended claims, the 
present invention may be practiced otherwise than as 
specifically described herein. 

[0128] This document is based on Japanese patent 
applications, No. JPAP2000-1 69993 filed on June 7, 
2000 and No. JPAP2000-2901 52 filed on September25, 
2000 in the Japanese Patent Office, the entire contents 
of which are incorporated by reference herein. 
Further specific examples of the invention are given in 
the following items: 
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1 . A development apparatus, comprising: 

a development roller configured to contact an 
image carrying member and to develop an elec- 
trostatic latent image into a toner image on said 5 
image carrying member said development roll- 
er being made of aluminum and being rotatably 
mounted in said apparatus; 
a supplying roller configured to supply toner to 
said development roller; and 10 
a toner layer regulating member configured to 
regulate said toner to form a thin film on said 
development roller, said toner layer regulating 
member having a roller shape, a surface rough- 
ness R z in a range of from 0.5 jim to 2 um, and *5 
a dynamic friction coefficient in a range of from 
0.1 to 0.8. 

2. A development apparatus as defined in Item 1, 
wherein said toner has a volume average particle 20 
diameter in a range of from 6 ujti to 9 u.m. 

3. A development apparatus as defined in Item 1, 
wherein said development roller has a surface coat- 
ed with an anodized aluminum film. 25 

4. A development apparatus as defined in Item 1 , 
wherein said development roller has a surface sub- 
jected to an electroless nickel plating. 

30 

5. A development apparatus as defined in Item 1, 
wherein said development roller has a surface sub- 
jected to a nitriding processing. 

6. A development apparatus as defined in Item 1, 35 
wherein said development roller has a surface coat- 
ed with a melamine resin, 

7. A development apparatus, comprising: 

40 

development roller means for contacting an im- 
age carrying member and developing an elec- 
trostatic latent image into a toner image on said 
image carrying member, said development roll- 
er means being made of aluminum and being 45 
rotatably mounted in said apparatus; 
supplying roller means for supplying toner to 
said development roller means; and 
toner layer regulating means for regulating said 
toner to form a thin film on said development so 
roller means, said toner layer regulating means 
having a roller shape, a surface roughness R 2 
in a range of from 0.5 u.m to 2 u.m, and a dy- 
namic friction coefficient in a range of from 0.1 
to 0.8. 55 

8. A development apparatus as defined in Item 7, 
wherein said toner has a volume average particle 



diameter in a range of from 6 |im to 9 urn. 

9. A development apparatus as defined in Item 7, 
wherein said development roller means has a sur- 
face coated with an anodized aluminum film. 

10. A development apparatus as defined in Item 7, 
wherein said development roller means has a sur- 
face subjected to an electroless nickel plating. 

11 . A development apparatus as defined in Item 7, 
wherein said development roller means has a sur- 
face subjected to a nitriding processing. 

12. A development apparatus as defined in Item 7, 
wherein said development roller means has a sur- 
face coated with a melamine resin. 

13. A development agent layer regulator, compris- 
ing: 

a roller configured to contact a member for 
carrying a development agent and to form a thin film 
of said development agent on said member, said 
roller having a diameter around a center portion 
thereof greater than a diameter around end portions 
thereof and a symmetrical shape about a center line 
perpendicular to an axis thereof. 

14. A development apparatus, comprising: 

a roller configured to contact a member for 
carrying a development agent and to form a thin film 
of said development agent on said member, said 
roller having a diameter around a center portion 
thereof greater than a diameter around end portions 
thereof and a symmetrical shape about a center line 
perpendicular to an axis thereof. 

1 5. A development apparatus as defined in Item 14, 
wherein a diameter of said roller is linearly reduced 
from the center line towards the both end portions. 

1 6. A development apparatus as defined in Item 14, 
wherein a diameter of said roller is of constant within 
a predetermined width in the center portion and is 
linearly reduced from edges of the center portion 
towards the both end portions. 

1 7. A development apparatus as defined in Item 14, 
wherein a length of said roller in an axial direction 
is divided into a plurality of sections, a diameter of 
said roller in each section is linearly reduced to- 
wards the end portion, and angles of slanting line 
segments formed by the diameters in the plurality 
of sections relative to the axis of said roller are step- 
wise reduced towards the end portions. 

1 8. A development apparatus as defined in Item 17, 
wherein the diameters on division lines at which the 
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27 

length of said roller is divided are set on a single 
quadric curve. 

19. A development apparatus as defined in Item 17, 
wherein the diameters on division lines at which the 5 
length of said roller is divided are set on a single 
circular arc. 

20. A development apparatus as defined in Item 1 7, 
wherein an intersection point of adjacent two slant- 10 
ing line segments among the slanting line segments 
formed by the diameters in the plurality of sections 
meets a single circular arc of a predetermined radi- 
us. 

15 

21 . A development apparatus as defined in Item 1 7, 
wherein the slanting line segments formed by the 
diameters in the plurality of sections are tangent to 
a single quadric curve. 

20 

22. A development apparatus as defined in Item 1 7, 
wherein the slanting line segments formed by the 
diameters in the plurality of sections are tangent to 
a single circular arc. 

25 

23. A development apparatus as defined in Item 1 7, 
wherein more than one of the diameters on division 
lines at which the length of said roller is divided are 
set on a single quadric curve and more than one of 
the slanting line segments formed by the diameters 30 
in the plurality of sections are tangent to the same 
single quadric curve. 

24. A development apparatus as defined in Item 1 7, 
wherein more than one of the diameters on division 35 
lines at which the length of said roller is divided are 

set on a single circular arc and more than one of the 
slanting line segments formed by the diameters in 
the plurality of sections are tangent to the same sin- 
gle circular arc. 40 

25. A development apparatus as defined in Item 1 4, 
wherein the diameter of said roller is varied in the 
axial direction in accordance with a specific curve 

of a variant to a fourth power. 45 

26. A development apparatus as defined in Item 14, 
wherein the diameter of said roller is varied in the 
axial direction in accordance with a quadric curve. 

so 

27. A development apparatus as defined in Item 14, 
wherein the diameter of said roller is varied in the 
axial direction in accordance with a circular arc. 

28. A development apparatus as defined in Item 25, 55 
wherein tangent lines of the specific curve are used 

as line segments for both sides of the specific curve 
so that the diameter of said roller is made relatively 



greater in the both end portions. 

29. A development apparatus as defined in Item 25, 
wherein both end portions of a different curve that 
touches the specific curve are used as line seg- 
ments for both sides of the specific curve so that the 
diameter of said roller is made relatively greater in 
the both end portions. 

30. A development apparatus as defined in Item 14, 
wherein said roller includes an elastic layer. 

31 . A development apparatus as defined in Item 14, 
wherein said development agent includes a single 
component. 

32. A process cartridge, comprising: 

a development apparatus comprising: 

a roller configured to have a diameter around a 
center portion thereof greater than a diameter 
around end portions thereof and to have a sym- 
metrical shape about a center line perpendicu- 
lar to an axis thereof, 

wherein said roller contacts a member for car- 
rying a development agent and forms a thin film 
of said development agent on said member, 

wherein said process cartridge is detachably 
installable to an image forming apparatus. 

33. An image forming apparatus, comprising: 

a development apparatus comprising: 

a roller configured to have a diameter around a 
center portion thereof greater than a diameter 
around end portions thereof and to have a sym- 
metrical shape about a center line perpendicu- 
lar to an axis thereof, 

wherein said roller contacts a member for car- 
rying a development agent and forms a thin film 
of said development agent on said member. 

34. A development agent layer regulator, compris- 
ing: 

roller means for contacting a member for car- 
rying a development agent and forms a thin film of 
said development agent on said member, said roller 
having a diameter around a center portion thereof 
greater than a diameter around end portions thereof 
and a symmetrical shape about a center line per- 
pendicular to an axis thereof. 

35. A development apparatus, comprising: 

roller means for contacting a member for car- 
rying a development agent and forms a thin film of 
said development agent on said member, said roller 
having a diameter around a center portion thereof 
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greater than a diameter around end portions thereof 
and a symmetrical shape about a center line per- 
pendicular to an axis thereot. 

36. A development apparatus as defined in Item 35, 5 
wherein a diameter of said roller means is linearly 
reduced from the center line towards the both end 
portions. 

37. A development apparatus as defined in Item 35, 10 
wherein a diameter of said roller means is of con- 
stant within a predetermined width in the center por- 
tion and is linearly reduced from edges of the center 
portion towards the both end portions. 

15 

38. A development apparatus as defined in Item 35, 
wherein a length of said roller means in an axial di- 
rection is divided into a plurality of sections, a diam- 
eter of said roller means in each section is linearly 
reduced towards the end portion, and angles of 20 
slanting line segments formed by the diameters in 

the plurality of sections relative to the axis of said 
roller means are stepwise reduced towards the end 
portions. 

25 

39. A development apparatus as defined in Item 38, 
wherein the diameters on division lines at which the 
length of said roller means is divided are set on a 
single quadric curve. 

30 

40. A development apparatus as defined in Item 38, 
wherein the diameters on division lines at which the 
length of said roller means is divided are set on a 
single circular arc. 

35 

41 . A development apparatus as defined in Item 38, 
wherein an intersection point of adjacent two slant- 
ing line segments among the slanting line segments 
formed by the diameters in the plurality of sections 
meets a single circular arc of a predetermined radi- *o 
us. 

42. A development apparatus as defined in Item 38, 
wherein the slanting line segments formed by the 
diameters in the plurality of sections are tangent to 45 
a single quadric curve. 

43. A development apparatus as defined in Item 38, 
wherein the slanting line segments formed by the 
diameters in the plurality of sections are tangent to 50 
a single circular arc. 

44. A development apparatus as defined in Item 38, 
wherein more than one of the diameters on division 
lines at which the length of said roller means is di- 55 
vided are set on a single quadric curve and more 
than one of the slanting line segments formed by 

the diameters in the plurality of sections are tangent 



to the same single quadric curve. 

45. A development apparatus as defined in Item 38, 
wherein more than one of the diameters on division 
lines at which the length of said roller means is di- 
vided are set on a single circular arc and more than 
one of the slanting line segments formed by the di- 
ameters in the plurality of sections are tangent to 
the same single circular arc. 

46. A development apparatus as defined in Item 35, 
wherein the diameter of said roller means is varied 
in the axial direction in accordance with a specific 
curve of a variant to a fourth power. 

47. A development apparatus as defined in Item 35, 
wherein the diameter of said roller means is varied 
in the axial direction in accordance with a quadric 
curve. 

48. A development apparatus as defined in Item 35, 
wherein the diameter of said roller means is varied 
in the axial direction in accordance with a circular 

arc. 

49. A development apparatus as defined in Item 46, 
wherein tangent lines of the specific curve are used 
as line segments for both sides of the specific curve 
so that the diameter of said roller means is made 
relatively greater in the both end portions. 

50. A development apparatus as defined in Item 46, 
wherein both end portions of a different curve that 
touches the specific curve are used as line seg- 
ments for both sides of the specific curve so that the 
diameter of said roller means is made relatively 
greater in the both end portions. 

51 . A development apparatus as defined in Item 35, 
wherein said roller means includes an elastic layer. 

52. A development apparatus as defined in Item 35, 
wherein said development agent includes a single 
component. 

53. A process cartridge, comprising: 

developing means comprising: 

roller means for contacting a member for car- 
rying a development agent and forming a thin 
film of said development agent on said mem- 
ber, said roller having a diameter around a cent- 
er portion thereof greater than a diameter 
around end portions thereof and having a sym- 
metrical shape about a center line perpendicu- 
lar to an axis thereof, 

wherein said process cartridge is detachably in- 
stallable to an image forming apparatus. 
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64. An image forming apparatus, comprising: 
developing means comprising: 

roller means for contacting a member 
for carrying a development agent and forming a thin 
film of said development agent on said member, 5 
said roller having a diameter around a center por- 
tion thereof greaterthan a diameter around end por- 
tions thereof and having a symmetrical shape about 
a center line perpendicular to an axis thereof. 

10 

55. A method of regulating a development agent, 
comprising the steps of: 

providing a roller having a diameter around a 
center portion thereof greater than a diameter 15 
around end portions thereof and a symmetrical 
shape about a center line perpendicular to an 
axis thereof; 

supporting said roller in contact with a member 
for carrying a development agent; and 20 
rotating said roller to form a thin film of said de- 
velopment agent on said member. 

[0129] A development apparatus includes a develop- 
ment roller, a supplying roller, and a toner layer regulat- 25 
ing member. The development roller contacts an image 
carrying member and develops an electrostatic latent 
image into a toner image on the image carrying member. 
The development roller is made of aluminum and is ro- 
tatably mounted in the apparatus. The supplying roller 30 
supplies tonerto the development roller. The toner layer 
regulating member regulates the toner to form a thin film 
on the development roller. The toner layer regulating 
member has a roller shape, a surface roughness R 2 in 
a range of from 0.5 pjn to 2 p.m, and a dynamic friction 35 
coefficient in a range of from 0.1 to 0.8. 

Claims 

40 

1 . A development apparatus, comprising: 

a development roller configured to contact an 
image carrying member and to develop an elec- 
trostatic latent image into a toner image on said 45 
image carrying member, said development roll- 
er being made of aluminum and being rotatably 
mounted in said apparatus; 
a supplying roller configured to supply toner to 
said development roller; and so 
a toner layer regulating member configured to 
regulate said toner to form a thin film on said 
development roller, said toner layer regulating 
member having a roller shape, a surface rough- 
ness R 2 in a range of from 0.5 \lxx\ to 2 ujti, and 55 
a dynamic friction coefficient in a range of from 
0.1 to 0.8. 



2. A development apparatus as defined in Claim 1 , 
wherein said toner has a volume average particle 
diameter in a range of from 6 urn to 9 jxm. 

3. A development apparatus as defined in Claims 1 or 
2, wherein said development roller has a surface 
coated with an anodized aluminum film. 

4. A development apparatus as defined in Claims 1 or 
2, wherein said development roller has a surface 
subjected to an electroless nickel plating. 

5. A development apparatus as defined in Claims 1 or 
2, wherein said development roller has a surface 
subjected to a nitriding processing. 

6. A development apparatus as defined in Claims 1 or 
2, wherein said development roller has a surface 
coated with a melamine resin. 

7. A development agent layer regulator apparatus, 
comprising: 

a roller configured to contact a member for 
carrying a development agent and to form a thin film 
of said development agent on said member, said 
roller having a diameter around a center portion 
thereof greaterthan a diameter around end portions 
thereof and a symmetrical shape about a center line 
perpendicular to an axis thereof. 

8. A development apparatus, comprising: 

a roller configured to contact a member for 
carrying a development agent and to form a thin film 
of said development agent on said member, said 
roller having a diameter around a center portion 
thereof greaterthan a diameter around end portions 
thereof and a symmetrical shape about a center line 
perpendicular to an axis thereof. 

9. An apparatus as defined in Claims 7 or 8, wherein 
a diameter of said roller is linearly reduced from the 
center line towards the both end portions. 

10. An apparatus as defined in Claims 7 or 8, wherein 
a diameter of said roller is of constant within a pre- 
determined width in the center portion and is linearly 
reduced from edges of the center portion towards 
the both end portions. 

11. An apparatus as defined in Claims 7 or 8, wherein 
a length of said roller in an axial direction is divided 
into a plurality of sections, a diameter of said roller 
in each section is linearly reduced towards the end 
portion, and angles of slanting line segments 
formed by the diameters in the plurality of sections 
relative to the axis of said roller are stepwise re- 
duced towards the end portions. 
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12. An apparatus as defined in Claim 11, wherein the 
diameters on division lines at which the length of 
said roller is divided are set on a single quadric 
curve. 

13. An apparatus as defined in Claim 11, wherein the 
diameters on division lines at which the length of 
said roller is divided are set on a single circular arc. 

14. An apparatus as defined in Claim 11, wherein an 
intersection point of adjacent two slanting line seg- 
ments among the slanting line segments formed by 
the diameters in the plurality of sections meets a 
single circular arc of a predetermined radius. 

15. An apparatus as defined in Claims 11 or 12, wherein 
the slanting line segments formed by the diameters 
in the plurality of sections are tangent to a single 
quadric curve. 

16. An apparatus as defined in Claims 11 or 1 3, wherein 
the slanting line segments formed by the diameters 
in the plurality of sections are tangent to a single 
circular arc. 

1 7. An apparatus as defined in Claim 1 1 , wherein more 
than one of the diameters on division lines at which 
the length of said roller is divided are set on a single 
quadric curve and more than one of the slanting line 
segments formed by the diameters in the plurality 
of sections are tangent to the same single quadric 
curve. 



18. An apparatus as defined in Claim 11 , wherein more 
than one of the diameters on division lines at which 
the length of said roller is divided are set on a single 
circular arc and more than one of the slanting line 
segments formed by the diameters in the plurality 
of sections are tangent to the same single circular 
arc. 

19. An apparatus as defined in Claims 7 or 8, wherein 
the diameter of said roller is varied in the axial di- 
rection in accordance with a specific curve of a var- 
iant to a fourth power. 

20. An apparatus as defined in Claims 7 or 8, wherein 
the diameter of said roller -is varied in the axial di- 
rection in accordance with a quadric curve. 

21. An apparatus as defined in Claims 7 or 8, wherein 
the diameter of said roller is varied in the axial di- 
rection in accordance with a circular arc. 

22. An apparatus as defined in Claim 19, wherein tan- 
gent lines of the specific curve are used as line seg- 
ments for both sides of the specific curve so that the 
diameter of said roller is made relatively greater in 
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the both end portions. 

23. An apparatus as defined in Claim 1 9 ? wherein both 
end portions of a different curve that touches the 
specific curve are used as line segments for both 
sides of the specific curve so that the diameter of 
said roller is made relatively greater in the both end 
portions. 

24. An apparatus as defined in any of Claims 7 to 23, 
wherein said roller includes an elastic layer. 



25. An apparatus as defined in any of Claims 7 to 24, 
wherein said development agent includes a single 

*5 component. 

26. A process cartridge, comprising: 

a development apparatus comprising: 
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a roller configured to have a diameter around a 
center portion thereof greater than a diameter 
around end portions thereof and to have a sym- 
metrical shape about a center line perpendicu- 
lar to an axis thereof, 
25 wherein said roller contacts a member for car- 

rying a development agent and forms a thin film 
of said development agent on said member, 

wherein said process cartridge is detachably 
30 installable to an image forming apparatus. 

27. An image forming apparatus, comprising: 
a development apparatus comprising: 

35 a roller configured to have a diameter around a 

center portion thereof greater than a diameter 
around end portions thereof and to have a sym- 
metrical shape about a center line perpendicu- 
lar to an axis thereof, 

4 o wherein said roller contacts a member for car- 

rying a development agent and forms a thin film 
of said development agent on said member. 



45 



50 



55 



28. A development agent layer regulator, comprising: 

roller means for contacting a member for car- 
rying a development agent and forms a thin film of 
said development agent on said member, said roller 
having a diameter around a center portion thereof 
greater than a diameter around end portions thereof 
and a symmetrical shape about a center line per- 
pendicular to an axis thereof. 

29. A process cartridge, comprising: 

developing means comprising: 

roller means for contacting a member for car- 
rying a development agent and forming a thin 
film of said development agent on said mem- 
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ber, said roller having a diameter around a cent- 
er portion thereof greater than a diameter 
around end portions thereof and having a sym- 
metrical shape about a center line perpendicu- 
lar to an axis thereof, 5 
wherein said process cartridge is detachably in- 
stallable to an image forming apparatus. 

30. An image forming apparatus, comprising: 

developing means comprising: 10 
roller means for contacting a member 
for carrying a development agent and forming a thin 
film of said development agent on said member, 
said roller having a diameter around a center por- 
tion thereof greaterthan a diameter around end por- *5 
tions thereof and having a symmetrical shape about 
a center line perpendicular to an axis thereof. 

31. A method of regulating a development agent, com- 
prising the steps of: 20 

providing a roller having a diameter around a 
center portion thereof greater than a diameter 
around end portions thereof and a symmetrical 
shape about a center line perpendicular to an 25 
axis thereof; 

supporting said roller in contact with a member 
for carrying a development agent; and 
rotating said roller to form a thin film of said de- 
velopment agent on said member. 30 



35 



40 



45 



so 



55 
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COEFFICIENT (#) 


PTFb 


0.05 


PFA 


0.07 


rLUUI-UUt-IoCJOYANATn (ADJUSTABLE 
WITH AN AMOUNT OF FLUORIDE RESIN) 


0.08-0.15 


LUMIFLON (A COMMERCIAL NAME OF A 
FLUORIDE RESIN PRODUCT PRODUCED 
BY ASAHI GLASS CO.. LTD.) 


0.27 


POLYAMIDE (EXTRUDED TUBE MATERIAL) 


0.32 


POLYURETHANE PAINTED (ADJUSTABLE 
WITH A COMPOSITION OF MATERIALS) 


0.49-0.9 


SILICON 


1.1 


POLYURETHANE RUBBER 


1.15 
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